Fringescale sardinella or Tamban Sisik bones have been discovered can be utilized as sunscreen agent in cosmeceuticals. Its flesh is the main ingredient in keropok lekor or fish crackers in Malaysia and the bones contained very high hydroxyapatite (HAp), (Ca 10 (PO 4 ) 6 (OH) 2 ) compound which exhibit as UV light absorber. The percentage yields obtained from the hydrothermal extraction consist of 41.2 ± 0.66% (w/w) of HAp which was almost half of the dry weight of 100 g samples. The additional of manganese and ferum, initiated the novel sunscreen materials from hydroxyapatite-Fe and hydroxyapatite-Mn doped (modified bones). The unmodified HAp recorded with SPF 20 and modified HAp-Mn measured with SPF 40. Modified HAp-Fe emulsions were recorded with SPF 50 as the highest SPF value. Therefore, the bones have been characterized using Fourier Transform Infrared Radiation (FTIR) spectroscopy and X-ray diffraction (XRD).The results obtained clearly indicated that the HAp existence in waste of Fringescale sardinella bones with addition of FeCl 2 which exhibits high potential as sunscreen compared to manganese and unmodified bones. Thus, the utilization of waste from the fish bones not only produce value-added products from low-cost resources, but also help in reducing pollution to the environment and preserved the global sustainability.
INTRODUCTION
Sunscreen agent of TiO 2 and ZnO can potentially replace with hydroxyapatite (HAp); non toxicity calcium phosphate sources from commercial fishbones that effectively absorbs the UV region 1, 2 . Even the TiO 2 and ZnO were utilized as sunscreen agent but they have known their toxicity level which are harmful and affecting the users for instance lead to skin cancer 3 . HAp is commonly used as a filler or coating on damaged bone and implants in order to promote bone in-growth especially in orthopedic, dental, maxillofacial and biomedical applications and cosmetics 4, 5 . Bones known as white colour, brittle properties and cheaper source that provided abundance of HAp can turn into good carriers in sunscreen 6, 7 . It also a promising candidate for advanced sunscreens. Furthermore, its UV absorption limit can be tuned to absorb in the desired range from UVB (290-320 nm) to UVA (320-400 nm) by simply introducing a metal doping. Therefore, by doping the fish bone with proper element will initiate a huge potential of anodyne sunscreen agent as novel biomaterials and there was a study proved that iron and manganese can widen UV range absorption compared to TiO 2 and ZnO 8, 9, 10 . It also help the local fishing industry especially in Terengganu (East Coast Malaysia) to manage waste disposal more wisely, improve their economic status and also preserve the environment 11 .
Methodology

Extraction of Raw Materials
The fish bones were weighed with a mass of approximately 90 g using analytical balance before the addition of alkaline solution. The fish bones were then divided into three beakers which contained of water, iron chloride (98 %, Merck) and manganese chloride (98 %, Merck). Each of the sample in the beaker was heated at 70°C for three hours and stirred. 30 mL of 1.0 M of ammonium hydroxide was added into the solution of FeCl 2 and MnCl 2 to reduce the acidity of solution until pH meter indicating 8.0 pH. The fish bones were dried again an overnight in oven and calcined at 900°C for three hours in a furnace. The sample was then re-weighed with analytical balance to detect the potential mass loss from the evaporation process occurred. The calcined bones were converted by grinding into powder form with high-energy ball mill for 15 min at 450 rpm to yield powder.
The components and morphology of the synthesized of Fringescale sardinella bones in powder form were identified using Fourier transform infrared radiation (FTIR) and X-Ray diffraction spectrocopy (XRD).
Fourier Transform Infrared Radiation (FTIR)
FTIR was used to determine the infrared spectrum of absorption of unmodified HAp, modified HAp-Mn and HAp-Fe. Bone powder was prepared by mixing with grinded potassium bromide (KBr) with the 1:6 ratio. The mixture was finely pulverized and transferred into a compressor. KBr become plastic when subjected to pressure and form a sheet that is transparent in the infrared region. FTIR analysis of three different sunscreen agents were performed to investigate the structure of HAp molecules, according to the position of peak components identified in the known region. The results obtained from this analysis were expected to provide details on the different secondary structures of compound, mainly bone vibration at different peak components.
X-Ray Diffraction (XRD)
XRD was performed using Rigaku MiniFlex II diffractometer with Cu Kα. This test was conducted to signify the phase composition obtained in the compound of HAp, HAp-Fe and HAp-Mn. Each sample was poured and smoothly pressed in the small rectangle shape by the glass slide respectively before analyzed by the machine. Samples then were analyzed with a step of 0.02°, over 2θ and between the range of 10° and 80°.
Sunscreen Analysis
The sunscreen analysis was determined to test the capability as sunscreen by In vitro method using UV Visible spectrophotometer of UV 1700
Shimadzu. An amount of 1.0 g of each formulated microemulsion samples was weighed and transferred into 100 mL of volumetric flask and then was diluted to the graduated mark with ethanol. The solution was homogenized by ultrasonicator for 5 minutes. A 5.0 mL of aliquot was transferred to 50 mL of volumetric flask and diluted to the graduated mark with ethanol. All the aliquot solution then were closed in the vials and were kept under dark condition at 25°C.
RESULTS AND DISCUSSION
Characterization of hydroxyapatite (HAp)/ unmodified bones
The FTIR spectrum of the HAp crystals hindmost at 600°C calcinations are shown at Fig. 1 (a) . There is no alkyl group emerged on the spectrum thus implying the nonappearance of organic materials residual. The residual-free water was stretched and bent at broad band 3000-3800 cm -1 . The bending mode of the O-H group by water absorption caused the additional band at 1600 cm -1 . The 2900 cm -1 feeble band was attributed to the O-H stretching of crystallite 12 . The crystal compounds were highlighted in the FTIR spectrum of Fig. 1(b) . The spectrum represented PO 4 3-were easily differentiate. The phosphate group bending mode (720 cm . Fig. 2(a) showed the patterns and phase composition of fish bone treated at 900°C with 54% of HAp, Ca 10 (PO 4 ) 6 (OH) 2 as the main component. Fig. 2 6 were obtained as new modified materials. Fig. 2(c) showed that, Mn is still presents but has been combined with phosphate producing approximately 21% of manganese chloride phosphate, Mn 5 (PO 4 ) 3 Cl. Both modified bones resulting in the formation of Fe(III) and Mn (II) in the form of hematite and chloroapatite which help to prevent from UV rays 17 . The HAp crystals depicted much comparable diffraction profiles and XRD bulk patterns. There were no detected impurities and no particular peak of other calcium phosphate phases. The samples were well-crystallized reflected by the smooth intensity of the diffraction peaks 18 .
According to previous study, Mn 2+ -doped HAp can be obtained without producing significant alterations in the structure of HAp 23 . On the other hand, Le Geros reported that incorporation of reduced amounts of Mn 2+ into HAp structure induces an evident reduction of the degree of crystallinity of the HAp phase 12 . Modified HAp-Fe exhibited high crystalline peak of reduced amounts of Fe 3+ into HAp structure induces an evident reduction of the degree of crystallinity of the HAp phase. In this work, modified HAp-Fe doped exhibited high crystalline peak at about 33.11°; almost identical to the patterns that were recorded for pure and doped powders. The relatively broadening of the XRD peaks for Fe 3+ -doped HAp indicates that the sizes of the crystallite grains of those materials are smaller than the pure HAp and modified HAp-Mn. Through Scherrer's equation, the medium crystallite sizes were estimated. The Scherrer equation, in X-ray diffraction and crystallography, is a formula that relates the size of sub-micrometre particles, or crystallites, in a solid to the broadening of a peak in a diffraction pattern. It is used in the determination of size of particles of crystals in the form of powder. The Scherrer equation can be written as:
Where τ is the mean size of the ordered (crystalline) domains, which may be smaller or equal to the grain size. K is a dimensionless shape factor, with a value close to unity. The shape factor has a typical value of about 0.9, but varies with the actual shape of the crystallite. λ is the X-ray wavelength. β is the line broadening at half the maximum intensity, after subtracting the instrumental line broadening, in radians. This quantity is also sometimes denoted as Δ(2θ) and θ is the Bragg angle (in degrees). Note that the effect of Mn 2+ on the growth of HAp particles is more remarkable than Fe 3+ , although the reason for these differences remain unclear at the present crystallite size as shown on Table 1 . 
Appearance, Moisture and Percentage Yield
The physical appearance of as-synthesized and extraction sunscreen samples are compared in Table 2 . Fig. 3 shows the colour appearance of the bones after the calcination process. The The result of the unmodified HAp yield extracted was expressed as a percentage (%) on a dry weight basis. From Table 3 , the yields obtained from the extraction consist of 41.2 ± 0.66 % (w/w) which was almost half of the dry weight of 100 g samples. With the moisture content of 9.6, this is more likely a maximum yield can be obtained. This also may be due to the mild conditions used in the extraction of unmodified HAp, which involved a moderate concentration of NaCl solution during the pre-treatment and low temperature for hot water extraction 20, 25 . 
Sunscreen Analysis
Cosmeticians are more interested in finding In vitro methods to evaluate the photoprotection abilities of different sunscreen compounds 9 . There are two common In vitro methods: (a) UV radiation is transmitted through sunscreen product films in quartz plates or biomembranes or (b) the measurement of absorption characteristics using spectrophotometric analysis 9, 24 . Additionally, the in vitro method can be substituted by the following equation with the aid of UV spectrophotometry 9 
:
SPFx spectrophotometric =CF x EE(τ)x I (τ)x Abs (τ) (2) Where: EE (l) -erythemal effect spectrum; I (l) -solar intensity spectrum; Abs (l)-absorbance of sunscreen product; CF -correction factor (= 10). The values of EE x I are constants.
The emulsion formulation was analysed to obtain the sun protection factor (SPF) value using Mansur equation in order to measure the tendency as protector from direct UV-rays 21 . This is because the SPF is represent the effectiveness of a sunscreen formulation 22 . The calculated SPF values on emulsion, emulsion HAp, emulsion HAp-Fe and emulsion HAp-Mn was recorded in Table 4 . All values are presented as Mean ± SD (n =3)
The result has shown that the SPF measurement for emulsion HAp-Fe was 48.94 ± 0.55 which achieved nearly SPF 50 and this led to the emulsion performed as a good sunscreen absorber than other emulsions. The emulsion HAp-Mn was shown that the SPF value was 240.56 ± 0.49. The SPF measurement of emulsion HAp-Mn was lower than emulsion HAp-Fe because of the dependence on the type of metal attachment with the fish bones 11 . The iron was claimed as having more potential in prevention of UV rays rather than Mn. The SPF measurement of emulsion HAp was 9.11 ± 0.60.. This is because the fish bones had not altered and that is the reason the measurement value of emulsion HAp was lower at 23.49 ± 0.65. It means that the material of the standard emulsion itself has possibility to shield dangerous UV rays. Therefore, it was clearly seen that the emulsion HAp-Fe was shown as a great sunscreen due to the high absorption value among the emulsion 16 .
CONCLUSION
This research has proved the concept of innovating waste to wealth. Local resources have been explored thoroughly in order to create something very useful to community along with the smartest way on utilize the waste. Tamban (Fringescale sardinella) bones collected from factory waste are currently emerged as a potential and promising application for the sunscreen formulation in cosmetics. This study investigated the role of HAp derived from Tamban bone and the modification of unmodified HAp with the ferum and manganese doped in microemulsion structure, which was used as a reaction medium for the synthesis of novel sunscreen 
